INTRODUCTION
The evidence of the literature indicates that the adrenal cortex produces a variety of hormones, some of which, like desoxycorticosterone, act predominantly to maintain a normal water and electrolyte balance (1) , while others, like corticosterone, are effective chiefly through preventing hypoglycemia, either by facilitating the formation of sugar from protein (gluconeogenesis) (2) or by inhibiting utilization of sugar by the tissues (3) . Up to the present, most replacement therapy for patients with adrenal cortical insufficiency has been concerned with these two types of adrenal hormones. There is, however, clinical and experimental evidence that the adrenal cortex also secretes other types of hormones, some of which are androgenic (4, 5) . Recent evidence has shown that such androgens not only prompt masculine secondary sexual development, but also an increase in muscular mass and endurance (6, 7) . A striking example of this phenomenon is provided by the Herculean development of certain children with virilism due to hyperplasia or carcinoma of the adrenal cortex (8) . These individuals usually excrete abnormally large quantities of neutral urinary 17-ketosteroids (9, 10) which are believed to be excretory transformation products of the adrenal cortical and, to a lesser extent, of the testicular androgens (9, 11) .
A striking example of the effect of adrenal cortical androgens upon a patient with adrenal cortical insufficiency is provided by a boy with congenital adrenal cortical hyperplasia, elevated 1This work was supported by a grant from The Cornmonwealth Fund, New York. 2The authors are indebted to Drs. Max Gilbert and Erwin Schwenk of The Schering Corporation, N. J. for supplies of testosterone, anhydro-hydroxy-progesterone, and methyl androstenediol. 17 -ketosteroid excretion, macrogenitosomia without enlargement of the testes, and the disturbances of salt and water metabolism characteristic of Addison's disease (12) . When this patient is receiving adequate doses of desoxycorticosterone or* of sodium chloride, he is remarkably strong and energetic (13) .
In contrast to this patient and to individuals with simple adrenal cortical virilism, most patients with adrenal cortical insufficiency (Addison's disease) fatigue easily, are weak (14) and excrete abnormally small quantities of urinary 17-ketosteroids (11) . The fact that certain Addisonian patients still lack energy and endurance when receiving adequate doses of desoxycorticosterone acetate and salt (14, 15) suggests that other therapy may be needed to restore such patients to normal.
The present paper explores the possibility that androgen therapy may be beneficial for such Addisonian patients. An 8-year-old girl patient with moniliasis and severe Addison's disease was selected for this study. Details concerning her clinical history will be reported separately. The results of the present investigation are presented in four sections: (1) measurements of weight, nitrogen balance, blood sugar concentrations, and 17-ketosteroid output over a period of 300 days; (2) observations on the potassium and nitrogen metabolism and body weight; (3) certain observations on the disturbance in calcium and phosphorus metabolism which resulted from an idiopathic hypoparathyroidism which appeared to be superimposed upon the Addison's disease; and (4) clinical changes noted during the course of the study.
METHODS
For 6 days before the study was started and during the first 131 days of the study (Figure 1 , period 1 to first 583 half of period 9), the patient was placed on a ward reserved for children with metabolic diseases at the Children's Hospital. While there, she received 6 grams of sodium chloride daily and a constant weighed diet, which upon analysis was found to contain 6.4 grams of nitrogen per day. From the 132nd to the 300th day of the investigation (Figure 1 , second half of period 9 through period 18), the patient lived on the metabolism ward of the Massachusetts General Hospital. The weighed diet which she received there was repeated every 3 days. It was calculated to contain 7.7 grams of nitrogen, 2.8 grams of potassium, 0.8 gram of sodium, 0.85 gram of calcium, and 1.1 grams of phosphorus per day. In addition, 9 grams of sodium chloride were added to the diet daily. Her physical activity throughout the period of study was consistently very moderate.
During the first five 3-day periods at the Children's Hospital, the fecal nitrogen excretion was determined. This was found to be consistently 0.5 gram per day or 8 per cent of the nitrogen intake. Testosterone therapy did not alter this stool to dietary nitrogen ratio. Thereafter, stool analyses were omitted and in calculations of the nitrogen balance, the nitrogen lost in the stools was taken as 8 per cent of the intake.
The urine was collected daily with 5 cc. toluene as preservative. During periods when urea, creatinine, and creatine were measured, the urine was stored in the refrigerator. Prior to most analyses, the urine was pooled in 3-day batches which corresponded in point of time to the 3-day dietary regime. The great majority of blood samples were obtained before breakfast while the patient was fasting.
The analytic procedures employed are as follows: blood sugar, Folin (16) ; chloride, by Fiske Figure 1 gives observations on the body weight and nitrogen balance of the patient over a period of 300 days. In the upper portion of the figure, the body weight in kilograms (solid circles) is plotted as the ordinate against time in days as the abscissa. The nitrogen balance in grams per day is represented by the checkered area according to the scale shown on the middle portion of the ordinate. Interruptions in the horizontal line, originating at zero on that scale, indicate periods when the nitrogen balance was not determined. At the bottom of the figure are horizontal lines representing the therapy. The upper, narrow, solid black line shows the 9 grams of sodium chloride added daily to the diet. The middle, wider, solid black line indicates intervals when 3 mgm. of desoxycorticosterone acetate were injected intramuscularly each day. The variously shaded areas at the bottom of the figure indicate the administration of other substances. The name and dose of each is printed immediately below the lower margin of the chart. Vertical lines extending from the bottom to the top of the chart show when changes in therapy occurred. The corresponding day of the total experimental session is given at the top of each vertical line. The individual experimental periods demarcated by these vertical lines are given numbers which appear half-way between the weight and nitrogen balance plots.
The figure shows that when, in addition to maintenance doses of desoxycorticosterone acetate and sodium chloride, methyl testosterone (periods 2, 6, 8, 14) .0 0% L similar complaints developed while she was taking any of the other substances. Though there was a temporary drop in the nitrogen balance on discontinuing the desoxycorticosterone acetate at the beginning of period 7, the desoxycorticosterone per se did not appear to have any definite effect on the nitrogen balance. Except for this temporary drop in nitrogen balance during period 7, both methyl testosterone and testosterone propionate had approximately the same influence on the nitrogen metabolism whether the patient was off or on desoxycorticosterone acetate therapy. However, although methyl testosterone caused an increase in body weight (periods 6 and 14) when administered with desoxycorticosterone acetate, it was incapable, during period 7, of preventing a steady loss of body weight when the desoxycorticosterone acetate therapy was discontinued. At the end of 14 days, it became necessary to readminister desoxycorticosterone acetate (period 8) because by that time, the patient had lost 1.9 kgm. in weight and had developed symptoms of acute adrenal cortical insufficiency. On the other hand, under somewhat similar circumstances, testosterone propionate was found to be capable not only of preventing weight loss, but also of inducing a rapid weight gain (see periods 17 and 18 which are described in more detail below).
Measurements of the concentration of sugar in the blood obtained before breakfast and after a 12-to 15-hour fast were made from time to time during periods 2, 3, 6, 7, and 9 to 18. The values obtained ranged between approximately 54 and 77 mgm. per cent, irrespective of the type of therapy administered. There was no evidence that either methyl testosterone or testosterone propionate had an appreciable influence on these fasting blood sugar levels.
During periods when the patient was receiving only sodium chloride, her urinary 17-ketosteroid output ranged between 0.0 and 0.6 mgm. per day. Desoxycorticosterone acetate, methyl testosterone, and anhydro-hydroxy-progesterone therapy did not cause a rise in 17-ketosteroid output. On the other hand, approximately 50 per cent of the testosterone administered as testosterone propionate was recovered as urinary 17-ketosteroids.
Comments. The results obtained with methyl testosterone and testosterone propionate while the patient was receiving desoxycortisterone acetate are in accordance with the observations of previous investigators on other types of patients who were not receiving desoxycorticosterone (23 to 25). The finding that desoxycorticosterone did not have an appreciable influence on the nitrogen balance is also in agreement with the literature (1). It was of interest to find that, while 100 mgm. per day of methyl testosterone could not prevent a loss of body weight when desoxycorticosterone was discontinued, 50 mgm. per day of testosterone propionate did cause a marked gain in body weight under similar circumstances. The information at hand is not sufficient to indicate whether the difference in effect resulted from differences in dosage or in pharmacologic action.
Although the methyl testosterone and the testosterone propionate had an apparently beneficial influence on the weight and nitrogen balance, their masculinizing effect in the course of a prolonged period of therapy might be undesirable. Therefore, an attempt was made to find substances which would induce nitrogen retention without promoting masculinization. Methyl androstenediol and anhydro-hydroxy-progesterone were selected for preliminary trial. The fact that the former had only a relatively small effect on the nitrogen balance and irritated the gastrointestinal tract does not recommend its clinical use. On the other hand, the results obtained with anhydrohydroxy-progesterone, which is an orally active progestational hormone (26) , suggested that prolonged administration might result in a considerable retention of nitrogen. This substance is believed to have only slight masculinizing activity (26) .
The present patient was known to be subject to attacks of hypoglycemia,8 a relatively common occurrence in individuals with Addison's disease. Therefore, the fact that the testosterone therapy did not result in a fall in fasting blood sugar values is not only of practical import but is also of theoretical interest because it fails to support the possibility that testosterone inhibits the formation of sugar from protein.
The low 17-ketosteroid output of this patient is of no diagnostic significance because of her age (28) . The fact that no change occurred in the urinary 17-ketosteroids following the administration of desoxycorticosterone, methyl testosterone, and anhydro-hydroxy-progesterone is in keeping with the findings of others (29 to 31). The 50 per cent recovery of testosterone propionate as urinary 17-ketosteroids corresponds to that found for normal children of the same age (32) .
II. Observations on the effect of variations in therapy on potassium and nitrogen metabolism and body weight. Evidence of the literature suggests that the marked shifts in total body weight and in the nitrogen balance noted above might be accompanied by equally striking changes in electrolyte metabolism (23, 24, 33) . Such changes should be of particular interest in an Addisonian patient. Accordingly, during the latter portion of the investigation (periods 13 to 18, Figure 1 ), measurements were made of the concentrations of sodium and potassium in the serum and of the urinary output of potassium, sodium, chloride, total and urea nitrogen, and creatine and creatinine (Table  I) 15, 18) . This fall was associated with a diminution in urinary potassium and in both total and urea urine nitrogen excretion. Withdrawal of the testosterone therapy (periods 16, 19) resulted in a rise of the serum potassium to within normal limits (3.5 to 5.0 m.eq. per liter) and an increase in urinary potassium and total and urea nitrogen excretion. Withdrawal of the desoxycorticosterone acetate therapy (period 17) was followed by a rise in the serum potassium to the abnormally high concentration of 5.6 m.eq. per liter. At the same time, there was an increase in the urinary nitrogen and potassium excretion to above fore-period levels.
It will be remembered that methyl testosterone was unable to prevent the development of signs and symptoms of adrenal cortical insufficiency when desoxycorticosterone acetate therapy was withdrawn (period 7, Figure 1) . The same was not true for testosterone propionate. At the end of period 17 ( Figure 1, Table I ), the patient had been off desoxycorticosterone acetate therapy for 8 days. As a consequence, she had lost 1.1 kgm. in weight and her blood pressure had fallen from 90/70 to 70/40 mm. Hg. Her serum potassium had risen to 5.6 m.eq. per liter and she had become listless, weak, and anorexic. On the basis of past experience with this patient, these symptoms and signs were interpreted as indicating acute adrenal cortical insufficiency. During the ensuing period 18, the patient was given 50 mgm. of testosterone propionate daily. Within 48 hours after this therapy had been started, she commenced to gain weight and all the aforementioned symptoms and signs disappeared, just as they had on previous occasions when desoxycorticosterone acetate had been given. Furthermore, in the course of the next 14 days, she had not only regained the weight lost, but 1.4 kgm. in addition. By the end of the period, her serum potassium had fallen to 0.7 m.eq. per liter. During this and preceeding periods when the serum potassium was abnormally low, the patient was up and about and showed no clinical evidences of muscular paralysis or weakness. Furthermore, there were no changes in the electrocardiogram which could be attributed to the testosterone therapy or low serum potassium values.4 4 Electrocardiograms, taken and interpreted by Dr. P. D. White's laboratory, at various times before, during, and after testosterone therapy, revealed that the P-R interval was between 0.14 to 0.16 second (normal) but that the Q-T interval was always abnormally prolonged to between 0.38 and 0.45 second. Because the abnormalities in the electrocardiogram were noted before any testosterone therapy had been given, and at times when the serum potassium was normal (4.8 m. eq. per liter), as well as at times when it was very abnormally low (0.7 m. eq. per liter), it is difficult to attribute the electrocardiographic changes to these factors. A similar prolongation of the Q-T interval has been noted in adult Addisonian patients who were not receiving testosterone (14) . It is also of interest that prolongation of the Q-T interval is a The testosterone did not have a pronounced effect on serum sodium concentrations, but appeared to cause a relative retention of sodium over chloride (periods 14, 15, 18) .
Comments. Perhaps the most novel of the changes noted above are the systematic fluctuations in serum potassium values with the administration and withdrawal of testosterone therapy. Similar fluctuations have been observed in other types of patients receiving testosterone (35) . Hence, the changes in serum potassium concentrations observed here do not appear to be due to an idiosyncrasy in the present Addisonian patient.
In an attempt to visualize the metabolic effects of testosterone therapy and the possible mechanisms which might explain the fall in serum potassium, use has been made of the changes in body weight and in urinary excretion of nitrogen, potassium, sodium, and chloride. Since the urinary nitrogen excretion fluctuated but little and since the patient was in approximate nitrogen equilibrium during the latter part of the fore-period 13 (Figure 1) , it has been assumed that a decrease or increase in urinary nitrogen below fore-period levels indicates, respectively, the daily retention or loss of a corresponding quantity of nitrogen within the body. As there was a similar constancy in the fore-period urinary potassium excretion, the same assumption has been made for potassium. If it is further postulated that the retained nitrogen is used for the formation of protoplasmic tissue such as muscle cells, then, since there are approximately 35 grams of nitrogen per kilo of true muscle,5 each gram of nitrogen retained indicates the formation of 1000/35 or 28.6 grams of true muscle.6 Likewise, because true muscle constriking characteristic of patients suffering from such a hypocalcemia as this patient had (34) . 5 The term "true muscle" refers to fat-free, extracellular-water-free muscle fibres, collagen, and elastin (intracellular phase of Hastings and Eichelberger (36) Figure 2 . Thus, the figure shows the changes which these calculations indicate as having occurred at the end of each period, in relation to the fore-period levels. In the figure, the body weight is represented by the upper solid horizontal lines, kilograms of true muscle calculated from urinary potassium by the interrupted horizontal lines, and kilograms of true muscle from urinary nitrogen by the shaded area. A scale in kilograms is given by the left-hand ordinate. The serum potassium concentration at the end of each experimental period is represented by black circles connected by a solid line, the scale in m.eq. per liter being along the right-hand ordinate.
It would appear from the pattern of Figure 2 that during periods 14 and 15, when the patient was receiving NaCl, desoxycorticosterone, and mately equivalent values for muscle potassium are provided by the data of Katz (38) on humans and Hastings and Eichelberger (36) and Mellors, Muntwyler, and Mautz (39) on dogs. 7 Such excretion levels for nitrogen and potassium are known to be relatively stable (40) and not subject to the fluctuations of such excretion levels for sodium and chloride (40) . Thus, the use of fore-period levels in estimating changes in intracellular balances is not subject to the errors involved in using this method to estimate extracellular fluid balances. methyl testosterone or testosterone propionate, the potassium retained was more than sufficient to meet the increased muscle tissue requirements, calculated from the nitrogen retention. Yet there was a progressive fall in serum potassium concentration during those two periods. Hence, it would appear that there was either an abnormal increase in intracellular potassium concentration, a retention of cell potassium to replace cell potassium lost during prolonged salt and DOCA therapy (41), or a marked increase in intracellular water with a resultant decrease in both intracellular and extracellular potassium concentrations. The latter possibility is favored by the fact that the weight gains in periods 14, 15, and 18, Figure 2 , were more than sufficient to meet the gain in muscle tissue calculated from either nitrogen or potassium retention. It is also supported by the finding of Darrow and Miller that both desoxycorticosterone and testosterone cause a decrease in the potassium content of mammalian muscle (41) . The fact that the urinary chloride excretion was increased in periods 14 and 15 and only slightly decreased in period 18 suggests that changes in extracellular fluid volume were not an important factor in the weight gains. This finding and the absence of any increase in urinary sodium do not support a replacement of cell sodium by potassium. In any case, it appears that testosterone creates a demand for intracellular potassium which must be met, even at the expense of extracellular potassium. This excess retention of intracellular water over that of nitrogen and potassium, suggested by the above interpretation of the data, may well reflect a physiologic characteristic of growing tissue (42) .
Withdrawal of testosterone therapy (period 16) was apparently followed by the immediate liberation of potassium from the muscle tissue and by an increase in urinary potassium and sodium, despite a continued increase in muscle tissue according to the nitrogen excretion data. This liberation of potassium without nitrogen, following withdrawal of testosterone therapy, has been observed by others (23, 24) . Withdrawal of the desoxycorticosterone (period 17) resulted in the loss both of intracellular and extracellular water as judged by a loss of body weight, by negative nitrogen and potassium balances, and by an increase in the urinary chloride. A simultaneous increase in extracellular potassium concentration is and tendons (37, 43) , or with an increase in muscle sodium such as was observed by Darrow and Miller following desoxycorticosterone (41) . However, the intracellular tissue appeared to retain its priority for available potassium because the serum potassium fell to a remarkably low level.
The absence of muscular paralysis or weakness when the serum potassium concentration was abnormally low suggests strongly that a low serum potassium per se has little bearing on muscle contractility (35) .
III. Observations on the calcium and phosphorus metabolism. As mentioned in the introduction, this patient with moniliasis was discovered to be suffering not only from Addison's disease, but also from idiopathic hypoparathyroidism. Numerous determinations of the serum calcium and phosphorus concentrations and the alkaline serum phosphatase activity were carried out during periods 13 to 18. During these same periods, she was given sufficient doses of dihydrotachysterol to prevent severe hypocalcemia. Careful inspection of the data obtained did not reveal any relation between the dihydrotachysterol therapy or the serum calcium, phosphorus, and phosphatase values, respectively, and the changes in mineral or nitrogen metabolism, described in the preceeding paragraphs. Likewise, no relation appeared to exist between the desoxycorticosterone acetate or testosterone therapy and the disturbance in calcium and phosphorus metabolism. For these reasons, changes referable to the hypoparathyroidism will not be discussed here, but will be reported in a separate communication.
IV. Clinical observations on the effects of therapy. At the onset of the investigation (period 1), this 8-year-old patient appeared to be a thin, dark-complexioned, but otherwise normal appearing girl. She was 119 cm. tall and weighed 22 kgm. These values for height and weight were at the lower limit of normal, according to standards based on studies at the University of Iowa. Her intellectual, somatic, and secondary sexual development corresponded approximately to the average for a girl of her age. The skeletal development was also found to be normal for her age, according to Todd's standard roentgenograms of the hands.
During the 10-month period of study, she grew a total of 10 cm. in height (average expected growth, 6.2 cm.) and gained 7 kgm. in weight (average expected gain, 3.1 kgm.). Her appearance changed from that of a thin to that of a moderately plump girl. No peripheral or other edema was recognized at any time. The musculature appeared to increase in proportion to her increments in total body weight. The chestnutbrown hue of her skin became if anything slightly more intense. The voice became slightly bass. No moustache appeared, but a sparse growth of downy pubic hair developed. The breasts and nipples remained pre-adolescent in type, except during the period when she was receiving methyl androstenediol when a slight temporary mammary hyperplasia occurred. The clitoris underwent very slight hypertrophy. The skeletal development progressed so that it corresponded to the average normal for a girl of 11 years by the end of the investigation. Thus a 3-year advance in skeletal development had occurred during the course of 10 months.
The possibility that the adrenal cortical insufficiency, the hypoparathyroidism, and the moniliasis are related is intriguing. In this connection, it is of interest that the patient's brother after several years of moniliasis developed the signs of acute adrenal insufficiency. Moreover, Sutphin (44) informs us that he has observed moniliasis in two patients with "idiopathic" hypoparathyroidism.
SUMMARY
Clinical and metabolic studies of the effect of various hormones on an 8-year-old girl with moniliasis, Addison's disease, and idiopathic hypoparathyroidism are reported. These reveal that the administration of either methyl testosterone or testosterone propionate, in addition to maintenance doses of desoxycorticosterone acetate and sodium chloride, resulted in: (1) a gain in body weight; (2) a diminution in the urinary excretion of nitrogen, potassium, and sodium; and (3) a marked fall in the serum potassium concentration. No significant changes in fasting blood sugar concentrations were noted.
The administration of anhydro-hydroxy-progesterone or of methyl androstenediol, under similar circumstances, prompted a decrease in urinary nitrogen excretion but did not induce a prompt gain in body weight.
Methyl testosterone therapy did not prevent the development of symptoms and signs of acute adrenal cortical insufficiency when desoxycorticosterone acetate was withdrawn. On the other hand, testosterone propionate relieved the patient of all signs and symptoms of acute adrenal insufficiency after the discontinuation of desoxycorticosterone acetate therapy.
The marked lowering in the serum potassium concentration while the patient was receiving testosterone was not associated with clinical evidences of muscular weakness or paralysis. On the contrary, the patient seemed to benefit from the testosterone, as evidenced by gain in weight, growth in stature, and apparent increase in strength and endurance.
